This paper presents a model-driven authoring framework and toolset that enables to produce serious games easily and quickly, at lower cost and with the active involvement of (non-IT schooled) domain experts, and therefore lowers the barriers that hinder the production of serious games. Furthermore, the toolset allows for the creation of games with an adaptive narrative that can be played several times without becoming predictable by adapting the gameplay based on the real-time input of the player or post-game feedback. Choices made by the player have an influence on the overarching narrative of the game, which in turn will be used to select appropriate narrative events for the new context. Each narrative event can focus on a different subset of the learning objectives.
INTRODUCTION
Serious digital games are games considered to be both instructional and fun, by being highly enjoyable, attention-captivating and intrinsically motivating [1] . Serious games can combine the advantages of computer processing, with high levels of attractiveness. They differ from mere entertainment games in their primary aim, which is non-entertainment and often related to education, training or promotion of behavior change.
The popularity of serious games has raised the need for high-level authoring environments in order to (1) allow people without professional game design skills to create (or being actively involved in the creation) or modify serious games [3] , and (2) enhance serious game development, as development costs are one of the major drawbacks [2] .
To come to well-grounded and effective serious games, different parties should be involved in the development of serious games, game developers as well as so-called domain experts, such as pedagogical experts or psychologists and subject-matter experts, but this may result in communication barriers that can seriously hinder the development. To solve this issue, we developed a model-driven authoring framework and toolset that enables to produce serious games easily and quickly, at lower cost and with the active involvement of (non-IT schooled) domain experts, and therefore lowers the barriers that hinder the production of serious games.
Model-driven authoring with domain experts is however not sufficient to create successful serious games. One specific method that was proven effective in serious games is individual tailoring [4] of the game challenge that is provided to players. More specifically, dynamic tailoring has been recommended to continuously adjust the difficulty level of the challenge the player can master to ensure flow and provide all players with an optimal level of challenge [5] [6] . A recent meta-analysis of serious games for healthy lifestyle promotion indeed indicated that games with challenges that are difficult and do not adjust to the player's skill level, were associated with lower effectiveness compared to simple, static challenges or to adaptive difficult challenges [7] . Simple static challenges may, however, lead to boredom and demotivation after continued game play. Adaptively tailoring the challenge to what the player is able to master may thus lead to an optimal level of both learning outcomes and motivation to play the game.
To enable individual tailoring, our toolset allows for the creation of games with an adaptive narrative that can be played several times without becoming predictable by adapting the gameplay based on the real-time input of the player or post-game feedback. Choices made by the player have an influence on the overarching narrative of the game, which in turn will be used to select appropriate narrative events for the new context. Each narrative event can focus on a different subset of the learning objectives.
The remainder of this paper is as follows. The next section presents our model-driven authoring framework. Section 3 discusses our story engine to add non-linear narrative to serious games using scenario templates and aliasing. Finally, Section 4, respectively Section 5, present a summary of the results and some conclusions. Figure 1 presents the general concept of our model-driven authoring framework. Several steps have to be followed in order to generate scenarios and levels for the serious game. Firstly, social scientists have to write scenarios which incorporate their theories and hypotheses they want to test or model. Secondly, via the authoring framework they can translate their scenarios into ATTAC-L scenarios and add non-linear narrative. The ATTAC-L language [10] is a graphically illustrated modelling language for educational virtual scenarios, understandable by non-technical people. By connecting bricks, game moves, but also entire scenarios and game levels, can be unambiguously described in a humanreadable form. In parallel, they can model the visual aspects of the game levels using our sandbox [11] that offers features tailored to the development of serious games. The third step consists of the XML file generation based on the ATTAC-L scenarios on one hand and the sandbox configuration on the other hand. Finally, the fourth step takes the XML file and translates it into actual game level and moves [11] .
MODEL-DRIVEN AUTHORING FRAMEWORK

Figure 1: General concept of process to generate game scenarios and levels
The authoring framework is used within the Friendly ATTAC project, a project that helps youngsters dealing with cyberbullying issues through an innovative serious game. Cyberbullying, i.e., bullying via electronic communication tools, is a relatively recent phenomenon that especially occurs among early adolescents (12-15-year olds). The Internet offers this generation of youngsters ample opportunities to communicate with peers. However, in their social interactions on the Internet, youngsters can be confronted with undesirable situations. As cyberbullying may have a serious impact on the mental (and physical) wellbeing of the victims, many societal actors are currently involved in anticyberbullying initiatives. They argue strongly for evidence-based, appealing, ICT-related intervention tools, such as serious games, that empower youngsters dealing with cyberbullying.
By means of virtual experience scenarios, providing players with immediate feedback in a safe computer-mediated environment, the project attempts to modify behaviour patterns of bullies, bystanders and victims. This is done by allowing youngsters, using virtual scenarios, experience different roles in cyberbullying incidents, and by giving them adjusted feedback based on their individual reactions. In this way, we hope to make youngsters more aware of the consequences of certain behaviour. Bullies will be encouraged to cease bullying by increasing their empathy, victims will be taught adequate coping strategies and bystanders (witnesses of the incident) will be sensibilized to intervene.
The resulting game is a 2,5 D puzzle-adventure game in which the player has to remove cyberbullying webpages by correctly applying positive bystander strategies in a classroom context. The player's response affects the victim's mood, the classroom climate and the bully's level of bullying. Mechanics involve a discussion system in which the player needs to assess the situation, character development where characters can evolve to several participant roles in cyberbullying, and a reputation system where the classroom climate is set as a final game objective.
ADAPTIVE NARRATIVES FOR SERIOUS GAMES
Adaptivity and adaptation has already been extensively discussed and researched in different contexts. In the ELEKTRA project [8] , micro-adaptivity is introduced to guide and support learners in acquiring knowledge. Micro-adaptivity is adaptation within learning tasks. Micro-adaptivity affects only the presentation of a learning object or a learning situation. It is achieved without compromising the learner's gaming experience. There are methods for predicting the actions that the player might take while playing the game and then adapting (aspects of) the game accordingly [9] , as well as methods for generating adaptive game worlds based on the players and their experience model [9] . In the European FearNot! Project [12] , episodes of bullying are observed by the player. In between these episodes, the player takes over the role of an invisible friend to the victimized character and watches how the story further develops as a result of his advices.
Although the ELEKTRA and FearNot! project recognize the need for an adaptive gameplay in serious games, examples of adaptive narratives are hard to find in the wide range of commercial and serious games. This should not come as a surprise because there are many hurdles to take. Every bifurcation in the story results in a doubling of the number of scenarios that are needed to define the game. A naive approach towards the implementation of adaptive narratives leads to a huge amount of work [13] , and/or compromises that reduce the combinatorial explosion [12] .
In [14] , an approach based on cognitive science is presented and the authors also believe that learners/players benefit from a layered and adaptive approach to learning. This layered approach was applied for the serious game CyberCIEGE by clustering scenarios in layers with greater scenario complexity in each successive layer. However, adaptability was not applied as this issue required a longer-term research and develop vision for CyberCIEGE. We present a similar clustering approach but cluster the scenarios in terms of performance or learning objectives. The CyberCIEGE game also does not adopt a player model as we do.
In the project Muse [15] , a method is presented that allows content creators to create an interactive drama by adopting the concepts of providence and the Zelig interaction metaphor, which means that non-player characters can automatically take on roles that are necessary for the advancement of the storyline. Our presented approach is similar but introduces additional conditions on the role taking process. Figure 2 presents how adaptive narratives are enabled within the authoring framework. First, a player model is created maintaining information and progress of the player towards the pedagogical objectives of the game. Second, a story engine is created that selects a scenario template from a scenario database based on the current state of the player model and provides the template with contextual information from the game. Therefore, a context model is derived from the environment model created in the sandbox, by querying this environment model for a list of objects and characters near the player. The model is then used to resolve the placeholders in the scenario templates. Once all placeholders have been resolved, the script is turned into a playable scenario which is executed by the interpreter (Figure 1 step 4) . This way, the number of actual possible in-game scenarios is much larger than the number of modelled scenarios. By tracking the player's learning state in real-time, the gameplay and occurrence of learning challenges can be adapted to it to better suit the problem areas of the player. During each playthrough the player is only presented with a small set of the total possible scenarios (those that match the current game context), thus promoting replayability and serving as a method to create an adaptive gameplay, i.e., adapting the gameplay based on the interaction of the player (and maintained in the player model).
Figure 2: Overview of the inner workings of the story engine
Whenever the player plays a scenario, the interaction will be evaluated and the player model will be updated. For instance, for the game developed in the context of the Friendly ATTAC project, each choice presented to the player in a scenario might or might not contribute to the pedagogical objective associated with the scenario, influencing the corresponding objective weight in the player model accordingly. If the player fails an event tagged with a certain pedagogical objective, the weight of that objective is increased in the player model, leading to a higher chance of scenarios tagged with the same objective being selected.
RESULTS
By using the toolset developed, technical complexity of writing scenarios for serious games was reduced by separating the modelling scenario template language from the serious game implementation. By decoupling the modelling and implementation, a writer can develop a scenario with only an abstract knowledge of the game world, and does not need to concern him-or herself with the technical details of the game engine. This way, it was possible for the non-technical people (subjectmatter experts) to be actively involved in the development of the serious game, to make the development process much more iterative, and at the same time to shorten the overall development time. The toolbox was successfully used to design multiple levels of the Friendly ATTAC serious game that are afterwards used to fully automatically create playable adaptive game scenarios.
CONCLUSIONS
We presented a model-driven authoring framework that allows non-technical people to manipulate the 3D visuals, model the scenarios, and easily add non-linear narrative to the game. The different tools have been implemented and are used to build a serious game for the Friendly ATTAC project in order to help youngsters with cyberbullying.
Additionally, a story engine was introduced to add non-linear narrative to serious games using scenario templates and aliasing. The aliasing approach facilitates the design process by using simpler building blocks (scenario templates) to create a dynamic experience with an individualized storyline inside the game. Specific to the topic of serious games and learning is the creation of a player-driven narrative that tests the player on his/her skills. This was achieved through the mapping of performance objectives to each scenario template using metadata and by creating a model of a player that is adapted towards.
